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Abstract 

Lower dental caries experience has been observed in chil- 
dren and teenagers with the presence of black stains on den- 
tal structures. However, none of the previous investigations 
were population-based studies or adjusted the analysis for 
potential confounders. This study assessed the prevalence 
of black stains at the age of 5 in a population-based birth 
cohort from Pelotas, Brazil and investigated the association 
between black stains and dental caries. A total of 1,129 chil- 
dren from the 2004 Pelotas birth cohort were examined at 
age 5, and their mothers were interviewed at their house- 
holds. Dental examinations included a search for black stains 
and dental caries on the primary dentition through the 
dmf-s index. The mothers' questionnaire comprised data on 
demographic, social, and behavior aspects. Prevalence of 
black stains was 3.5% (95% CI 2.5-4.7) and the prevalence of 
dental caries was 48.4% (95% CI 45.4-51.4). Multivariate lo- 
gistic regression analysis was performed to assess the asso- 
ciation between black stains and dental caries. Adjusted 
analysis revealed that the presence of black stains was asso- 



ciated with lower levels of dental caries (OR = 0.51; 95% CI 
0.26-0.99). The results of the present study suggest that 
black stains are a protective factor for dental caries develop- 
ment. Copyright © 2012 S. Karger AG, Basel 



Even though dental caries has experienced a signifi- 
cant decrease worldwide, it remains one of the most prev- 
alent childhood diseases, especially in low and middle 
income countries [Sheiham, 2005]. In Brazil, despite the 
improvement over the last decades, dental caries is the 
most important oral health problem, and it is considered 
a public health concern [Antunes et al., 2005]. Further- 
more, by age 5, 43.4% of Brazilian children have caries 
[Ministry of Health, 2011], with 82% of carious teeth oc- 
curring in 12% of the children [Ferreira et al., 2007] . Den- 
tal caries is strongly associated with the lack of fluoride 
availability, socioeconomic factors such as low maternal 
education and low family income, and behavioral and 
cultural factors such as poor oral hygiene and poor di- 
etary habits (frequent consumption of refined carbohy- 
drates, frequent use of oral medications that contain sug- 
ar, and inappropriate methods of feeding infants) [Fejer- 
skov, 2004; Kiwanuka et al., 2004; Antunes et al., 2005; 
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Ferreira et al., 2007; Selwitz et al., 2007; Declerck et al., 
2008]. Therefore, the investigation of potential caries pro- 
tective factors, especially in the most affected population, 
is an essential key to reduce dental caries inequalities. 

Extrinsic dark dental pigmentation was associated with 
lower levels of caries in a school population in the Philip- 
pines [Heinrich-Weltzien et al., 2009]. Studies in Brazil 
have also demonstrated this relationship in mixed denti- 
tion [Gasparetto et al., 2003; Caldas et al., 2008]. Black ex- 
trinsic stains of bacterial origin are formed by ferric sul- 
fide, which is a by-product of the reaction between hydro- 
gen sulfide produced by bacteria and the iron ions present 
in saliva and gingival exudates [Reid et al., 1977]. These 
black stains are present as dots or small areas of dark col- 
oration that may coalesce, forming a line that follows the 
contour of the marginal gingiva. They may also appear as 
diffuse stains, covering a great part of the tooth crown. 
The grooves, pits, and fissures can also be found to be im- 
pregnated with such pigmentation, which is difficult to 
remove, particularly in these areas [Koch et al., 2001]. We 
are unaware of any population-based study that investi- 
gated the prevalence of black stains; however, in non-pop- 
ulation-based studies, the prevalence of black stains varies 
from 2.5 to 19%. This variation depends on factors such as 
study region, age of population enrolled, and dietary hab- 
its [Giilzow, 1963; Franco and Issao, 1990; Koch et al., 
2001; Caldas et al., 2008; Heinrich-Weltzien et al, 2009]. 

Up to now, few studies have addressed the prevalence 
of black stains in deciduous teeth, and none has con- 
trolled for confounding variables [Koch et al., 2001; Gas- 
paretto et al., 2003; Gallardo and Cencillo, 2005; Hein- 
rich-Weltzien et al., 2009]. This study assessed the preva- 
lence of black stains in the primary dentition of a birth 
cohort of 5-year-olds from Pelotas, RS, Brazil. We also 
tested the hypothesis that the presence of black stains is 
associated with lower levels of dental caries after adjust- 
ing for potential confounders. 

Methods 

In 2004, 4,558 children were born in the urban area of Pelotas, 
Southern Brazil. Of the 4,231 live births, 99% were evaluated 
within the first 24 h after birth, 96% at 3 months of age, and 94% 
at 12 months of age. Details about the methodology of the cohort 
study have already been published [Barros et al., 2006]. 

This work is part of a comprehensive oral health study (OH- 
04) nested in the Pelotas 2004 birth cohort, carried out in 2009. 
The mothers of all of the 5 -year-old children born between Au- 
gust and December 2004 (n = 1,303) were invited to participate. 
The sample size is sufficient to test associations with a power of at 
least 80% to detect significant relative risks of 2 or more, signifi- 



cant at type I error of 5%, considering a prevalence of outcomes 
of 5% in nonexposed children. 

Mothers were interviewed with the help of a structured ques- 
tionnaire, and children underwent an oral examination; both the 
interview and the examination were performed at their homes. 
Black stains are defined as two neighboring teeth presenting black 
dots parallel to the gingival margin or covering up to one third of 
the crown with difficult removal [Theilade et al., 1973; Koch et 
al., 2001]. Dental examinations also included the investigation of 
dental caries on the primary dentition through the dmfs index 
[World Health Organization, 1997], which was later dichoto- 
mized using two cut points: dmfs > 1 (presence of one or more 
caries lesions) and dmfs >3. 

The characteristics of the mothers, such as family income and 
educational level, were collected at the hospital soon after the chil- 
dren's birth. Family income at birth was collected in Brazilian 
currency Reais (BRL; 1 USD = 1.7 BRL) and then categorized into 
quartiles. Maternal education at childbirth was categorized into 
four groups: <4, 5-8, 9-11, and >12 completed years of study. 

Mothers were asked 'What kind of water does your child 
drink?' Water type was categorized as tap, mineral bottled, well, 
or other. Frequency of consumption of sweet foods or drinks was 
obtained by asking 'How many times a day does your child eat 
sweets between meals? For example: candies, cookies, lollipops, 
gum, chocolates?' and 'How many times a day does your child 
have sweetened drinks?' Answer choices were 'never or less than 
once a day'; 'once a day'; 'twice a day', and '3 times or more per 
day'. 

Eight dentists, students from the masters or PhD courses in 
dentistry at the Federal University of Pelotas, were trained and 
calibrated according to a method described elsewhere [Peres et 
al., 2001]. The calibration process was conducted with 100 pre- 
school children at the age of the surveyed children. These chil- 
dren were not included in the study sample. Interexaminer diag- 
nostic reproducibility was assessed by kappa coefficient (cate- 
gorical variables) and by the intraclass correlation coefficient 
(continuous and discrete variables). High reproducibility was ob- 
served for dental caries (dmfs); the intraclass coefficient varied 
between 0.9 and 1.0 and kappa varied between 0.85 and 1.0 for 
first molars. For black stains, the lowest value for kappa was 0.6 
and the highest 1.0. 

For the fieldwork, the dentists, each assisted by a dental un- 
dergraduate student, conducted the interviews first and followed 
with the dental examinations to ensure that the questionnaire 
responses were not influenced by examination outcome. Chil- 
dren were examined sitting under artificial illumination (head 
lamp). The examiners were properly dressed, and all safety and 
biohazard measures were adopted. Furthermore, in order to as- 
sess data quality, 15% of the interviews were repeated with a 
shortened version of the questionnaire by fieldwork supervisors 
by telephone. The kappa for the evaluated questions varied be- 
tween 0.6 and 1.0. 

The process of data entry occurred simultaneously with the 
fieldwork. Data were double-typed using Epi-Info 6.04, and the 
consistency of information was subsequently verified. For data 
analysis, STATA software version 10 was used. Descriptive analy- 
sis was performed to describe absolute and relative frequencies 
and to calculate the prevalence of black stains and dental caries. 
The associations between black stains and the presence of dental 
caries with independent variables were assessed using bivariate 
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Table 1. Association between independent variables and black 
stains in children aged 5 in Pelotas, Brazil (bivariate analysis, n = 
1,120) 



Variable/ category 


Black stains, n 
no 


(%) 
yes 


P 

value 


Total sample 


1,081 (96.5) 


39 (3.5) 




Sex 






0.069* 


Male 


560 (95.6) 


26 (4.4) 




Female 


520 (97.6) 


1 3 (2 41 




Family income at birth 






0.036* 


1st quartile 


266 (94.7) 


LO (O.J) 




2nd quartile 


273 (95.5) 


13 (4.6) 




3rd quartile 


307 (97.5) 


8 (2 5") 




4th quartile 


235 (98.7) 


3 (1 31 




Mother's educational level at birth, years 




0.014* 


<4 


135 (93.8) 


9 (6 31 




5-8 


418 (95.2) 


21 (5.0) 




9-11 


383 (98.0) 


8 (2 11 




>12 


122 (99.2) 


1 (0 81 




Water origin 






0.007* 


Tap/filtered 


798 (95.6) 


37 (4 41 




Mineral 


266 (99.3) 


2 (0.8) 




Wells/other 


15 (100.0) 


0 (0.0) 




Sweet consumption 






0.567* 


Less than once a day 


321 (97.6) 


8 (2.4) 




Once a day 


318 (96.4) 


12 (3.6) 




Twice a day 


224 (96.1) 


9 (3.9) 




Three times or more 


212 (95.5) 


10 (4.5) 




Sweet drinks consumption 






0.085* 


Less than once a day 


329 (95.9) 


14 (4.1) 




Once a day 


198 (96.1) 


8 (3.9) 




Twice a day 


176 (99.4) 


1 (0.6) 




Three times or more 


377 (95.9) 


16 (4.1) 




* Fisher's exact test. 



analysis (x 2 and Fisher's exact test for categorical variables and x 2 
for linear trend for ordinal variables). Logistic regression models 
were used to analyze the presence of black stains as a protective 
factor for dental caries with two cut points of the disease, adjust- 
ing for potential confounders. 

All variables that presented a p value <0.25 in the bivariate 
analysis were included in the multivariable analysis to control for 
possible confounding factors. Variables were organized in levels 
to guide their entrance in the statistical analysis. The demo- 
graphic variable gender was placed at the first level as a distal 
determinant. Socioeconomic variables (familial income and ma- 
ternal education) were grouped at the second level, followed by 
behavioral variables at the third level (i.e., sugar consumption). 
As black stains were associated in bivariate analysis with the 
same independent variables that showed association with the 
presence of dental caries, this variable was kept in the final mod- 
el as a proximal determinant, although showing a p value greater 
than 0.25. 



Table 2. Association between independent variables and dental 
caries in children aged 5 in Pelotas, Brazil (bivariate analysis, n = 
1,120) 



Variable/ category 


Dental caries 
no 


, n (%) 
yes 




P 

value 


Total ^amnlf* 


578 (51 651 


542 


(48 


.35) 




Sex 










0.043* 


Male 


287 (48.81) 


301 


(51 


19) 




L \~ lllcll\_ 


293 (54 871 


241 


(45 


131 




Family income at birth 










<0.001** 


1 ct m i ck rti 1p 

J. S L IJ LLd-i L11C 


1 14 (AC) AX\ 


168 


(39. 


571 




2nd Cjiiartile 


131 (45 801 


155 


(54 


.20) 




^t"n miflr'tilf 1 

^'1 U U Llcll lilt 


1 79 (56 471 


138 


(43 


.53) 




4th Cjiiartile 


156 (65 551 


82 


(34 


45) 




Mother's educational level 


at birth, years 








<0.001** 


<4 


S7 (39 


87 


(60 


421 




5-8 


1Q8 (44 901 


243 


(55 


101 




9-11 


222 (56 631 


170 


(43 


371 




>12 


84 (68 291 


39 


(31 


711 




Water origin 










0.002* 


T a n /fi 1 t^r^d 

A CLLJ 1 Ll± H_l 


412 (49 161 


426 


(50 


841 




Mineral 


162 (60.45) 


106 


(39 


.55) 




Wells/other 


5 (33 331 


10 


(66 


671 




Swfpt rnrKiirrrntinn 

O VVUL L LUllJ U111UL1U11 










<0.001** 


T pqq tnan nnrf a Hav 

LCjj 1.11 til 1 kJlll^C d uci y 


1 80 (54 381 


151 


(45 


.62) 




v^/ii^-i*. ci u ci y 


197 (59 701 


133 


(40 


.30) 




Twice a day 


123 (52.79) 


110 


(47. 


.21) 




Three times or more 


78 (34.98) 


145 


(65 


.02) 




Sweet drinks consumption 










<0.001** 


Less than once a day 


185 (53.78) 


159 


(46. 


.22) 




Once a day 


129 (62.62) 


77 


(37, 


.38) 




Twice a day 


99 (55.93) 


78 


(44 


.07) 




Three times or more 


167 (42.28) 


228 


(57 


.72) 




Black stains 










0.349* 


No 


555 (51.34) 


526 


(48 


.66) 




Yes 


23 (58.97) 


16 


(41 


.03) 





* Fisher's exact test. ** x 2 test for linear trend. 



The project was approved by the Ethics Committee of the Fed- 
eral University of Pelotas under number 100/2009 on 29/06/2009. 
All examinations and interviews were carried out after authoriza- 
tion by the parent of the participant through a consent letter. Chil- 
dren who had dental needs were referred to the Pedodontics Den- 
tal Clinic, Dental School, Federal University of Pelotas. 



Results 

The response rate was 86.6% (n = 1,129). However, data 
on the prevalence of black stains were collected from 
1,120 children because 9 children refused to be exam- 
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Table 3. Association between the prevalence of dental caries and black stains in children aged 5 in Pelotas, Brazil (logistic regression 
analysis, n = 1,120) 



Variable/category 


Model 1 




Model 2 


Model 3 




Model 4 






OR (95% CI) 


P 


OR (95% CI) <p 


OR (95% CI) 


<P 


OR (95% CI) 


<P 


Sex 

Male 
Female 


1.00 

0.78 (0.62-0.99) 


0.051 


0.030 

1.00 

0.76 (0.60-0.97) 


1.00 

0.76 (0.59-0.98) 


0.046 


1.00 

0.68 (0.52-0.88) 


0.006 


Family income at birth 
1st quartile 
2nd quartile 
3rd quartile 
4th quartile 






0.002 

1.00 

0.85 (0.60-1.19) 
0.63 (0.45-0.89) 
0.59 (0.39-0.89) 


1.00 

0.93 (0.66-1.32) 
0.65 (0.46-0.93) 
0.63 (0.41-0.96) 


0.003 


1.00 

1.06 (0.74-1.50) 
0.75 (0.52-1.07) 
0.55 (0.35-0.87) 


0.001 


Mother's educational level at birth, years - 
<4 
5-8 
9-11 
>12 




<0.001 

1.00 

0.86 (0.58-1.27) 
0.61 (0.41-0.93) 
0.44 (0.25-0.77) 


1.00 

0.93 (0.62-1.39) 
0.71 (0.46-1.10) 
0.56 (0.31-1.02) 


<0.001 


1.00 

0.86 (0.58-1.28) 
0.66 (0.43-1.02) 
0.29 (0.15-0.56) 


<0.001 


Sweet consumption 
Less than once a day 
Once a day 
Twice a day 

Three times or more a day 








1.00 

0.89 (0.64-1.24) 
1.14 (0.78-1.62) 
1.90(1.30-2.76) 


0.004 


1.00 

0.89 (0.63-1.26) 
1.13 (0.78-1.65) 
1.90 (1.31-2.76) 


0.002 


Sweet drinks consumption 
Less than once a day 
Once a day 
Twice a day 

Three times or more a day 








1.00 

0.77 (0.53-1.13) 
0.89 (0.60-1.31) 
1.46 (1.07-2.00) 


0.030 






Black stains 
No 
Yes 


1.00 

0.63 (0.33-1.22) 


0.192 


0.055 

1.00 

0.52 (0.26-0.99) 


1.00 

0.49 (0.25-0.96) 


0.050 


1.00 

0.41 (0.19-0.87) 


0.021 


Model 1: adjusted by gender; model 2: adjusted by model 1 + maternal education + family income; model 3: adjusted by model 2 + sweet consumption 
frequency (candies and drinks); model 4: final model (model 3) with dmfs >3 as the outcome. 

p value of Hosmer-Lemeshow test: model 3 = 0.834; model 4 = 0.557. Pseudo R2: model 3 = 0.060; model 4 = 0.07. 



ined. Black stains were observed in 39 children (3.5%; 
95% CI 2.5-4.7), and the caries prevalence was 48.4% 
(45.4-51.4). The mean dmfs indexes for children with or 
without black stains were 3.3 (SD 6.7) and 4.1 (SD 7.4), 
respectively. Although no statistical difference was ob- 
served in bivariate analysis, caries-free children showed 
higher prevalence of black stains (4.0%; 3.0-5.3) than 
those with dmfs >0 (3.0%; 2.0-4.1). 

Factors associated with black stains are shown in ta- 
ble 1. Black stains were more prevalent in children with 
mothers of low education level, and in children with low- 
er family income at birth. Furthermore, children who 
drank tap water had more black stains than those who 
drank mineral bottled water, natural well water, or other. 

Unadjusted analysis showed that caries was more 
prevalent in males, in children whose mothers had less 



education, and in children whose mothers had lower fam- 
ily income at the children's birth. Furthermore, children 
who drank water from natural wells presented higher 
caries prevalence than those who drank mineral water or 
tap/filtered water. Children who consumed sweets or 
sweetened drinks 3 or more times per day showed a high- 
er prevalence of caries (table 2). 

Adjusted logistic regression analysis revealed an asso- 
ciation between black stains and dental caries for both cut 
points used (dmfs > 1 or dmfs >3; table 3). Children with 
black stains showed a reduction of 51% in the odds for 
dental caries prevalence. After adjustment for confound- 
ing factors, black stains presented an OR = 0.49 (95% CI 
0.25-0.96). Under the cut point dmfs >3, a stronger as- 
sociation in the same direction was observed (0.41; 0.19- 
0.87). 
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Discussion 

This was the first study to investigate the presence of 
black stains and their potential protective effect on dental 
caries considering an adjustment for demographic, so- 
cial, and behavioral factors that influence both dental 
caries and black stains. Additionally, this study is a pio- 
neer in showing the prevalence and the association of 
black stains with dental caries in a population-based 
study The present study was carried out in a birth cohort 
that was followed since 2004 [Barros et al., 2006], which 
makes this investigation less susceptible to information 
bias. The internal validity of the study is a consequence 
of the high reproducibility of examiners and a low amount 
of missing data. 

Even though the children surveyed are enrolled in a 
birth cohort, this was the first time that they underwent 
dental examination. Consequently, the present study 
showed a limitation with respect to establishing a tempo- 
ral relationship between black stains and dental caries. In 
addition, the use of dmfs index was elected to the detri- 
ment of a more sensitive tool such as ICDAS. The choice 
for dmfs was due to the facility of use in large epidemio- 
logic studies, with many oral outcomes to be evaluated 
and children with lower age. In addition, multivariable 
final models used two cut points for dental caries occur- 
rence, conferring strength to our findings. The sample of 
this study was calculated based on an at least 5% preva- 
lence of the outcomes to test associated factors. Despite 
this fact, we found a significant association between black 
stains and several variables. 

The very low prevalence of black stains (3.48%) ob- 
served in this study agrees with findings from non-pop- 
ulation-based studies carried out in Brazil, that found a 
prevalence ranging between 2.5 and 5.7% [Franco and 
Issao, 1990; Caldas et al., 2008]. However, the prevalence 
may vary, depending on where the study is conducted, 
from 19% in Switzerland [Giilzow, 1963] to 6.3% in Italy 
[Koch et al., 2001] and more recently, 16% in the Philip- 
pines [Heinrich-Weltzien et al., 2009]. The variability in 
the prevalence observed in the different studies could be 
attributed to differences in habits and lifestyles of the spe- 
cific populations investigated. The etiology of black stains 
is not yet completely understood, so it is possible that dif- 
ferent cultural and ethnic aspects can affect the origin of 
black stains. Additionally, some variation in the diagnos- 
tic criteria of black stains is expected among different 
studies, which may also affect prevalence data. 

It is well known that socioeconomic characteristics 
such as maternal education and family income are deter- 



minant factors for caries [Selwitz et al., 2007; Meurman 
and Pienihakkinen, 2010]. This association is supported 
by the results of the current study. In addition, we found 
a significant association between the presence of black 
stains and some of these determinants, with children 
from families with lower incomes and those with moth- 
ers with less education showing a higher prevalence of 
these stains. This association is interesting because at the 
same time, the presence of black stains and higher preva- 
lence of decayed teeth were observed in the lower socio- 
economic levels. 

Regarding the association of dental caries and black 
stains, although no association was found between these 
variables in one study [Gallardo and Cencillo, 2005], oth- 
er studies agree with our findings, demonstrating lower 
caries experience for children with black stains [Shourie, 
1947; Sutcliffe, 1967; Koch et al., 2001; Heinrich-Weltzien 
et al., 2009]. Gasparetto et al. [2003] showed a negative 
correlation between black stains and caries severity, but 
did not find any association between the presence of 
black stains and caries prevalence. Similarly, Koch et al. 
[2001] found a tendency for children with black stains in 
primary dentition to present less dental caries, but the 
difference was not statistically significant. However, the 
mechanisms that lead to this association need further ex- 
ploration. 

The present findings showed that both black stains 
and dental caries had common co-variables, such as so- 
cioeconomic and behavioral characteristics. Considering 
these results and taking into account that we observed 
caries reduction in children presenting black stains in 
their teeth, it is reasonable to hypothesize that the inde- 
pendent variables tested in our investigation would be- 
have as positive confounding factors. Similarly, Duck- 
worth and Huntington [2005] investigated the inverse 
association between dental calculus and dental caries ex- 
plaining that some studies did not find a relationship be- 
tween these variables because, as dental caries and black 
stains, they were correlated positively with other vari- 
ables such as poor oral hygiene. Similarly to dental calcu- 
lus formation [Duckworth and Huntington, 2005], cal- 
cium and phosphate are part of the reaction for black 
stain formation [Reid and Beeley, 1976] and together with 
fluoride and pH conditions are the main tooth reminer- 
alization components. Because caries development is a 
demineralization process due to the acids produced by 
oral bacteria, the presence of a larger amount of minerals 
in the oral cavity - which could be the case in children 
with black stains - enhances the remineralization pro- 
cess, keeping the oral cavity in a balanced equilibrium 
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and reducing the risk for caries development [Gasparetto 
et al., 2003]. 

Other hypotheses require further investigation. First- 
ly, the low caries prevalence is a result of particular char- 
acteristics such as traditional dietary habits (sustainable 
community structures, limited exchange of goods and 
food, and limited exposure to a Western lifestyle) that 
were reported by Heinrich-Weltzien et al. [2009] as a pos- 
sible cause of black stains. In the current study, sweets 
consumption was not associated with black stains. Nev- 
ertheless, this variable depends on the recall by children's 
mothers, which is susceptible to information bias, being 
a limitation of this study. 

Secondly, it has been reported that low cariogenic oral 
microflora is associated with the presence of black stains 
[Theilade et al., 1973; Saba et al., 2006], and this could be 
a reason for the reduction of caries prevalence in indi- 
viduals with dental black stains. It is noteworthy that bac- 
teria related to black stains could establish a competitive 
environment for bacteria related to caries development, 
impairing the adhesion of these bacteria to dental sur- 
faces or changing the ecological characteristics of the 
dental biofilm, somewhat reducing the potential for car- 
ies lesion development. This phenomenon can be ob- 
served mainly in people of low socioeconomic status be- 
cause the wealthier segment of the population has easier 
access to bacterial accumulation prevention by dental 
service utilization and better feeding/hygiene habits. 
This explains how socioeconomic factors affect both den- 
tal caries and black stain prevalence. However, these hy- 
potheses remain to be tested. 

In conclusion, our findings highlight the need to use a 
statistical approach with multivariable analysis in future 



studies related to the prevalence of black tooth stains and 
its association with dental caries. In the clinical setting, 
the results of this study suggest that clinicians may con- 
sider the inclusion of black stains as a protective indicator 
when assessing caries risk in children. The results of this 
study support the notion that black stains are associated 
with lower levels of caries. Although this study demon- 
strated a relatively low prevalence of these stains in chil- 
dren at age 5, the significant association merits further 
investigation regarding the biological aspects of this car- 
ies inhibition mechanism. 
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